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inmhnsettc Institute of Technology

TO: J. iobort Itogerm-

Prom: John Bt. R3'swncr 8
Date December 11, 1950 (5 u

Subject: ArI FOS GYRO PR.DIC1OI1 CO'UTF. COLD CHAMBER TEST

The to prediction computer of the A-1 FOS, System #9, manufactured
by the Emerson Blectrio mufacturing Co., St. Louis, Mo., was subjected
to cold chamber tests at the Instrumentation Laboratory, MIT, during the
month of November. From these teste the following reults were obtained

1) The time required for the prediction unit to
reach operating temperature from -600 P is
excessive, (45 to 60 minutes).

2) The signal gienerator null voltage drifts during
warmup.

3) There Im no siuificant permanent shift of signal
generator null due to temnrature cycling or to
7ariation in ambient temperature conditions.

The testa wero conducted by niacing the oomplete gyro prediction
oomuter in an Inoulated box which containoO dry ice and a blower to
circulate Air within tho box. The cor-uter was 'not In contact with the
d&'Y Ice. A from reco c ing thormometer with 12 thermocouples was usod to
msasaro the temperatrze at critieal points tithin the computer and the
chambcw. No attemcnt va made. to vary chamber preseure from atmospheric.
The fOllowing tenv -ero rtcorr-ed against time of operation:

i) Amabiet tompernatre.

a) '2m rsautrod Vner £irget darner cycle.

3) S.gnl enerator nal1 -voltage,.

4) Prodctton uAi- f:haractsvitic time a', determined

ith Amn n'tn:'r)tic t orp eatch.

j)Trwir~crntvtre dhti-.bution within the- Pro preftic-
tIQ s oo !spterv houising or "kett-nA
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Heat courcee within the prediction unMit container consisted of the
iAmner -.and rma hoateras, gyro wheels6, and miorosyn excitation. Copper'-
constantan themooouples were mounted In the prediction unit oontainer

In thAe following places*.

i) Bievation unit *- bottom of damper housing.

2) - sigmal generator adjusting hole.

3) - torque motor adjusting hole.

4) - stiffness motor coil nearest
ad 4ustamt hole.

5) - 10 away from 2) above.

6) Deflection Unit - signal generator adjusting hole.

T) 199 away from 6) above.

a) N stiffness motor shunt resistor.

9) Bottom of "clover leaf" casting.

10) Junction of space heater support wires.

ii) Top surface of "clover leaf" casting between.
the elevation and deflection uhits directly
in front of space heater.

War up time for the imit is excessive, 45 minutes to one hour, after
soaking at an ambient temperature of -W0 to -600 S for a period of at
least 12 hours. This time was measured from initial power application to
first damper thermostat cycle. Alter once reaching operating conditions
both dnmper end spAce hertera cycled satisfactorily regardless of ambient
temperature. This indicates that there is cmoug heat oanacity within the
unit to :,eop it at operating emporature. Caracterlatlo time measurements

made onk the elovaiton end. deflection nnit, with &n automatic stop watch;
6.1d not chanre t.d-th vabSent tcrperature after the unit had warmed up.

TAil o tput o? the Rleflection unit sij;al generator as recorded during

vxm-tt+ c-nd cno.Ling chumge1 i. both vnplitudo an,. p}'ase En,.r4on calibra-
tt.i rrn nodtz call for the iApn ,! generator to be zeroed to the itiffne-

motnr !,,.tl rn .. :oitp.t of 1.:f. thon 15 m!11Avlt9 ~When the It :t is at

tV. 7h iri t.3oteci hnd a nol' t of
30 ~j'ixitsat portitm J~crrtnr 1 lthwhthe p'!.mcdbie npfl1 -,, w



botucen 5 =nd 10 r-nflljolt& M11S 3O Mil~lilt M2511 n O rrespOncis to an error
a?7 rvoxtnatelv 1 1/2 inllilradinn2 at the ooapter Elbaft or .3 millirndtans
at the tracking line.

At low ambient temperature -500 to -600 2, and before warm-p the
nunl voltages are much higher, -- 0.1 volts, Tkhwrg warm-up from this
ambient to operating temperature, the nuil shifts Vwro-Ugnx IX ll1r LC&A' Z
referred to the computer shaft, but repeats th# 1 1/2 mul value given
above when operating teperature is reached,

Temperature cycling of the unit, 2 cycles with system Operatirg aud
2 thermal cycles to check hysteresis effects at room temperatuie. shoe4
for this particular computer1 no semi-permanent shifts and no lags in nll
voltage greater than 1 milliradian of computer shaft angle. In adition
all valuee of null voltage obtained at operating temperature after Varo-up
were renroduaible to values within 1/2 milltradian of shaft angle.

The fact that lags of the order of 1 milliradian were seen In the
course of a thermal cycle may be attributed in part to shifts in the center
of gravity of the gyro, It is also possible that differential expansion
axially of the computer shaft and computer housing saw cause misaliuaent
between rotor and stator of one or more miorosyn units, A third possibility,
judged less likely, is rotation of one microey stator relative to th-e other,

Other computer assembliez may or may not show as good reproducibility
with temperature cycling as did this one. The basic desigm of micowu
mount Luvolves the asuembly of parts made of 4s different metols having dif-
ferent temperature coefficients of expansion8 - hyernik, dural, mateeim
and steel - and it iq nrobable that the etabiliV of the assembly is
geatly dependent upon machining tolerances and assembly procedures,

Only if production unit nulls cen consistently be found to be asreproducible as those of the computer from this Number 9 System, and if
shook or vibration do not caue changes in mtcroeyn zeros, can the present
desigi be conoidered adequateo

Temperature gradients within 2 individual prediction unit aesemblka
are of the order of 5P - 100 F depehfting slightly on embient temperatures.
Thie varintion with ambient tomperatuxe is caused by operation of the
space heater at low ambient tpmperatbe. At an ambient of re P, intelnl
heat fivo M"ro mad dam.era Is enougj. to open the space heater thermotat.
The n o r.tt'rencog in temperatu,,o gradient had .egligible effect (a small
frrcttnit of on.e milllradian) n the nl1 voltage roadinpG made after

op'wttt~teafr~tu#~E3 ver reChed



!At e tilt :Aaba

Jtvorai tVR2 'rcultui of the te ,t ii toiOllaelg ~tChIYdtc.V &flbe
wiad& to hr~rove computer porforntanoet

1) Beoruwso the warant-a time ia excessiv e lotIn
atfient tempersturesl additional. heaters ehou341

ablent conditilcir: are encountered. These
Meatern cou~ld have thermostats net t) turn &ff
at AG00 0 F.

2) It ia desirable to invot5gate modification of
Ylh~ooEyn moutings to eliinate any possibility

of readjustment betwoen dsetuilar metals
because of differe:atial expansion during warm-uo,
mud proferable to nrevent changes in null voltage
wtth tem'erature even if' they are reproducible.

3) In any ovent, the signal generators should be
adusted for a minimum nmil volta aftg e the
oornrxear has rea,.chad operating temperature.

J. B. 1'arper



DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: WILLIAM B. BUSH) ..

8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVOIR, VA 22060-6218

SUBJECT: OSD MDR Cases 1 I-M-1002, -1003, -1005, -1007, -1008, and -1009

We have reviewed the attached documents and have no objection to declassification in

full. The information you requested is provided in the table below:

OSD Current Current Current Current Current Current
Case Controlling Controlling Distribution Overall Downgrading Declass.

Number Agency Official Control Classification Instructions Instructions
1l-M- Statement Level

OSD A
1002 WHS Records Release C N/A N/A

Official Unlimited
OSD A

1003 WHS Records Release C N/A N/A
Official Unlimited

OSD A
1005 WHS Records Release C N/A N/A

Official Unlimited
OSD A

1007 WHS Records Release C N/A N/A
Official Unlimited

OSD A
1008 WHS Records Release S N/A N/A

Official Unlimited

OSD A
1009 WHS Records Release S N/A N/A

Official Unlimited

If you have any questions, contact me by phone at 703-696-2197 or by e-mail at
storer.robert@whs.mil or robert.storer@whs.smil.mil.

Enclosures: Robert Storer
1. DTIC request Chief, Records and Declassification Division
3. Six documents
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